[1] We study the closure path of the equatorial current which flows on the duskside in the inner magnetosphere during the moderate two-dip storm on 22 July 2009. This work was motivated by the result obtained in Tsyganenko and Sitnov (2007) that the prominent part of the duskside equatorial current might close through the dayside magnetopause during magnetic storms. Assuming the electric current conservation, we compared the value of the total downward region 2 current with the intensity of the equatorial current on the duskside to infer what part of the latter closes through the ionosphere. The estimates of the intensity of the equatorial current were based on the THEMIS and GOES magnetic field measurements in the vicinity of geosynchronous orbit. It was found that the duskside equatorial current intensifies simultaneously with Sym-H decrease. However, unlike the conventional partial ring current, it occupies the region of the highly stretched magnetic configuration (magnetic field inclination 24 ı at r = 5.4 R E ). At the same time, the magnetic field measurements onboard three DMSP satellites showed that the local time distribution of the storm time region 2 currents preserves the pattern typical for more quiet periods with upward (downward) current in the prenoon (afternoon) sector. The peak intensities of the downward region 2 current were recorded within 1 h from the Sym-H minima in the vicinity of the dusk meridian. The peak values of the total downward region 2 current were found to be within 5-5.8 mA, while the intensity of the equatorial current at R 5.4-6.6R E was found to be 0.8-1.7 mA per 1 R E . Keeping a current continuity, the radial extent of the partial ring current is estimated as 3.4-6 R E . This indicates that most of the duskside current was diverted to the ionosphere during the main phase of this storm.
Introduction
[2] The partial ring current (PRC) is one of the main storm time current systems, but it persists also during more quiet periods. It flows westward in the dusk-midnight sector of the inner magnetosphere and closes through the ionosphere via field-aligned currents (FAC). Originally, this system was proposed to explain the observed dusk-dawn asymmetry of the depression of the H component of the geomagnetic field at Earth's surface at middle and low latitudes during a main phase of magnetic storm [Akasofu and Chapman, 1964; Cummings, 1966; Siscoe and Crooker, 1974; Crooker and Siscoe, 1981] . However, it was later realized that the disturbance of the magnetic field in the inner magnetosphere exhibits mostly dayside-nightside asymmetry and weaker dusk-dawn asymmetry, in contrast with almost purely duskdawn asymmetry of the perturbed field at the ground [Iijima et al., 1990; Nakabe et al., 1997; Terada et al., 1998; Tsyganenko et al., 1999; Le et al., 2004; Ohtani et al., 2007] . Depending on the data used, the maximum of the equatorial part of the PRC was placed between the dusk and midnight meridian.
[3] The locations of the ionospheric closure of the PRC were mostly deduced indirectly from the statistical studies. On the basis of the average distribution of the large-scale Birkeland currents at low altitudes obtained by Iijima and Potemra [1976] , the PRC closure was attributed to the region 2 current (equatorial part of large-scale FAC) [Iijima and Potemra, 1976; Sato and Iijima, 1979; Tsyganenko, 1993] . This is also in agrement with the average locations of the divergence and convergence of the equatorial current found in the vicinity of the dusk and dawn terminators [Iijima et al., 1990; Le et al., 2004] . However, to our knowledge, there has been no direct evidence that region 2 current is connected to the partial ring current. In addition, Wing et al. [2010] showed that, statistically, the dayside region 2 current is linked with the different regions of the particle precipitations (inner magnetosphere, central plasma sheet, and plasma sheet boundary layer), not only the inner magnetosphere.
[4] A number of studies were conducted to locate the longitudinal sector of the PRC closure using both spaceborne and ground-based observations [Iyemori, 1990; Iyemori, 2003, 2005] . The authors concluded that the downward current is located in the afternoon sector whereas the upward current is located in the midnight-postmidnight sector. However, these studies analyzed the combined effects from region 1 and region 2 FACs and additional assumptions were needed to separate the effect of region 2. Moreover, the ionospheric currents can contribute to the disturbance of the midlatitude ground magnetic field on the dayside.
[5] The storm time FAC were studied using the magnetic field measurements onboard of low-orbiting satellites [Denig and Rich, 1986; Fujii et al., 1992; Huang and Burke, 2004; Wang et al., 2006] . However, the afternoon sector was not covered by the observations and the PRC closure was not addressed in these studies. Anderson et al. [2005] studied the storm time large-scale Birkeland currents during 37 storms using the data from the Iridium constellation of satellites. The analysis revealed that the dusk FACs are shifted equatorward relative to dawn FACs. The authors concluded that this asymmetry is controlled by two independent factors, interplanetary magnetic field (IMF) B y and an asymmetric inflation of the magnetosphere due to the partial ring current development.
[6] The generally accepted scenario of the PRC formation is that the plasma injected in the inner magnetosphere in the dusk-midnight sector drifts westward, creating the equatorial current which closes through the ionosphere at the leading and trailing edges of the plasma parcel [Cahill, 1966; Bogott and Mozer, 1973] . This scenario places the PRC in the region of the strong dipole-like magnetic configuration.
[7] The present study is motivated by the results of the recent empirical modeling of a storm time magnetic configuration [Tsyganenko and Sitnov, 2007; Sitnov et al., 2008 Sitnov et al., , 2010 . Unlike previous empirical models, the Tsyganenko and Sitnov [2007] model field is expanded in a series of basis functions of different scales which are able to reproduce the arbitrary radial and azimuthal variations. For every time, the model coefficients are found by fitting the model field to the observations during the periods with similar characteristics. In other words, the model represents the average configurations for given conditions. However, unlike the statistical 3-D magnetic field maps [Terada et al., 1998; Jorgensen et al., 2004; Le et al., 2004] , the model preserves the zero divergence of the magnetic field and electric current. The model shows that the currents in the inner magnetosphere can have a configuration significantly different from the conventional one during the main phase. The duskside current can occupy the broad area from 5 R E to the magnetosphere's flank and close through the magnetopause on the dayside and the region 2 current in the postmidnight sector [Sitnov et al., 2008] .
[8] The principal goal of the present paper is to investigate the possible scenarios of the PRC closure. Assuming a conservation of current, we compare the current intensities in the duskside equatorial magnetosphere and total dawnward region 2 current on the dayside during the main phase of the moderate storm on 22 July 2009. The description of the storm is given in section 2. The estimation of the equatorial current from the Time History of Events and Macroscale Interactions during Substorms (THEMIS) [Angelopoulos, 2008] and GOES magnetic field observations are presented in section 3. The analysis of the dayside region 2 FAC intensities inferred from the DMSP magnetic field observations is presented in section 4. In section 5, we compare the equatorial current values and the values of the total region 2 current and discuss the possible errors. Our conclusions are presented in section 6. Figure 1d ) exhibited two dips during these periods. To remove the influence of the dynamic pressure variation on the Sym-H index, we use the corrected Sym-H index which is denoted by Sym-H = 0.8 Sym-H -13 p P dyn [Tsyganenko, 1996] . The Sym-H index (black curve in Figure 1d ) attained its minima at 0520 UT and 0905 UT. This storm has been analyzed in a number of studies and a more detailed description of the geomagnetic conditions can be found in Ganushkina et al. [2012] .
Event Description and the Spacecraft Configurations
[10] Figures 1e and 1f show the equatorial projection of the spacecraft orbits during two Sym-H dip periods which are marked by red bars in Figure 1d . During the first Sym-H dip (Figure 1e ), GOES-11 was in the dusk sector whereas GOES-12 crossed midnight. The similar configuration was formed during the second intensification ( Figure 1f ): THEMIS D (P3) and E (P4) probes entered inside the geostationary orbit in the dusk sector, whereas GOES-11 crossed midnight. At the same time, GOES-12 was in the morning sector. ponent. Three rows below the horizontal axis show UT, magnetic local time (MLT), and spacecraft position with respect to the neutral sheet (Z NS ). The Z NS is defined as a distance along Z between a spacecraft and the model neutral sheet [Tsyganenko and Fairfield, 2004] for the solar wind parameters obtained from the OMNI database (http://omniweb.gsfs.nasa.gov/form/om_filt_min.html). In addition, the geocentric distance of spacecraft (R) is shown for THEMIS data (Figures 2c and 2d ). The dashed vertical lines mark the times of the Sym-H minima. The comparison of the observations with the Tsyganenko and Sitnov [2005] model field can be found in Dubyagin et al. [2013] .
Analysis of Observations in the Equatorial Magnetosphere

The First Sym-H Minimum (04-06 UT)
[12] During the first Sym-H minimum ( 0520 UT), two geosynchronous spacecraft GOES-11 and GOES-12 were located at 20.1 and 0.2 MLT, respectively, approximately 1 R E above the neutral sheet. The radial components (blue curves) of the external field at the dusk (GOES-11) and midnight (GOES-12) were very strong and negative (Ä -100 nT). The B z components (red curves) also were strong and negative (Ä -70 nT) so that an extremely stretched configuration of magnetic field was formed over a wide MLT sector. The inclination of the full magnetic field vector at GOES-11 with respect to XY SM plane was 11 ı (not shown). At the same time, the absolute value of B ' was moderate (< 30 nT) and much smaller than |B r | and |B z |, indicating that the current flowed in the azimuthal direction in the dusk-midnight MLT sector. Using Ampere's law, the azimuthal current integrated from -Z SM to +Z SM , where Z SM is the spacecraft position relative to the neutral sheet, can be estimated as J = 2B r / 0 . Here, we neglect the term @B z /@r in comparison to @B r /@z. Estimates of the possible error related to this simplification will be given at the end of this section. The estimates of J are plotted in the top panels in Figure 2 in mA/R E units. As can be seen, the current values in the dusk sector ( Figure 2a ) and at midnight (Figure 2b ) are of the same order during the Sym-H minimum. Since the current sheet is considered to be thinnest in the premidnight sector during a storm main phase, the equality of the integrated current estimates in the dusk sector and at midnight could mean that these estimates represent the whole current or, equivalently, that both spacecraft were outside the current sheet.
The Second Sym-H Minimum (08-10 UT)
[13] At 0905 UT, two THEMIS probes P3 ( Figure 2c ) and P4 ( Figure 2d ) were located 0.1-0.5 R E below the neutral sheet at MLT = 19.5 h, R = 5.4 R E and MLT = 18.7 h, R = 6.7 R E , respectively. Here, R is the geocentric distance. The signatures were basically the same as during the first Sym-H dip; strong B r (> 60 nT) and strong negative B z (< -80 nT) with B ' 0 (Figures 2c and 2d) . The inclination of the full magnetic field vector with respect to the XY SM plane at P3 and P4 probes was 24 ı and 6 ı , respectively (not shown). The maximum estimates of the integrated current give 0.6-0.8 MA/R E . At the same time, GOES-11 was at midnight 0.9 R E above the neutral sheet and showed a comparable value of the integrated current (0.9 MA/R E ) just before the dipolarization occurred at 0900 UT (Figure 2a) .
[14] For this event, we can estimate the accuracy of current intensity evaluation. The relative error can be estimated as J/J (@B z /@r)/(@B r /@z). The @B r /@z can be roughly estimated as -68 nT/0.5 R E (the radial component of the external field at P4 probe at 0905 UT divided by the estimated distance to the neutral sheet). The only way to estimate @B z /@r is to use the radial B z gradient observed by two THEMIS probes around 0905 UT (see Figures 2c and 2d) . It gives @B z /@r (133-80 nT)/(6.7-5.4 R E ) = 41 nT/R E . Finally, it gives us J/J = 33%. The positive @B z /@r yields a westward current. Thus, this 33% should be added to the estimates of J obtained above. If we apply this correction to the integrated current estimate obtained during both Sym-H minima, we get J =1.6-1.7 mA/R E and J =0.8-1.0 mA/R E for the first and second Sym-H minima, respectively. These duskside equatorial current values will be compared with the dayside downward R2 FAC in section 5.
DMSP Magnetic Field Data Analysis
[15] In order to catch the downward field-aligned part of PRC with low-altitude satellite passes, we selected the DMSP F13, F16, and F17 satellite orbits on the dayside during the period 0000-1200 UT of 22 July 2009 (Figure 3 ). The analysis of the magnetic field observations and computation procedures were basically similar to those described by Higuchi and Ohtani [2000] . First, we converted the field measurements to solar magnetic (SM) coordinates (we use a spherical system: B r , B Â , and B ' are radial, poloidal, and azimuthal components of the external field, respectively). Then we inspected the azimuthal component of the magnetic field. Large-scale variation of B ' with the latitude mostly exhibited the signatures of the two-sheet FAC system: the increase (decrease) of B ' with subsequent decrease (increase) to approximately the same level. Our purpose was to select the whole R2 FAC region, which is the most equatorial sheet of the field-aligned current, by definition. For this reason, we manually selected the equatorial interval of B ' increase or decrease, ignoring local smaller-scale variations. The selection procedure is illustrated in Figure 4a . It shows an example of the DMSP magnetic field observations. The black, blue, and red curves corresponds to the B ' , B Â , and B r components of external field in SM system, respectively. The satellite flew from the [16] Figures 4b and 4c show the example of the FAC calculation. The minimum variance analysis (MVA) was applied to the horizontal components of the magnetic field measured in the equatorial part of large-scale FAC system (marked by dashed vertical lines in Figure 4a ). The direction of the maximum variance was considered as a direction along the FAC sheet. Two parameters were used to control the quality of the determination of the FAC sheet orientation: the ratio of the minimum to the maximum eigenvalues ( 2 / 1 ) and the angle between the normal to the FAC sheet and the satellite velocity vector (ı) . We only analyze the crossings with 1 / 2 < 0.2 and ı < 60 ı . The corresponding DMSP orbit segments are shown in Figure 3 .
[17] For each point of the orbit, the local orthogonal coordinate system was defined. The e 2 vector was defined as the minimum variance direction (if necessary, we multiplied e 2 by -1 so that the angle between e 2 and the satellite velocity was less than 90 ı ). The e 3 vector points toward local zenith and the e 1 toward the maximum variance direction so that {e 1 , e 2 , e 3 } form a right-handed system with corresponding magnetic field components: B 1 , B 2 , and B 3 . Given the FAC sheet orientation, one can estimate the current density as Here, V orb is the orbital speed (7.4 km/s), ı is the angle between satellite velocity and e 2 , 0 is the vacuum permeability, and t is time.
[18] Figures 4b and 4c show the expanded view of the period selected for MVA. Figure 4b shows two components of the horizontal magnetic field disturbance in the MVA coordinate systems. Figure 4c shows the current density estimated using equation (1) (the B 1 time series was first smoothed by a moving average method with the 9 s window size). The negative and positive values correspond to the downward and upward currents, respectively.
[19] The integral of the current density across the current sheet can be estimated as
where tot B 1 =˙(max(B 1 ) -min(B 1 )) is the total increment (decrement) of the B 1 component during the FAC sheet crossing, and the sign is determined according to whether B 1 increases or decreases from the equator to the pole. We also defined the center of current, the point of the orbit corresponding to the time t 0 determined as follows:
The equation is similar to that for center of gravity, but FAC density is used instead of mass density. The t 0 time marked in Figures 4b and 4c by the vertical solid line. Let ƒ 0 denote the magnetic latitude of the center of current. Assuming that on the large scale, the current sheet is oriented along the constant magnetic latitude and does not change with MLT, we can estimate total R2 current for a given longitudinal extent (˚) as
where R is the geocentric distance of the satellite orbit estimated as R = R E + 850 km. We define I as I computed for ˆ= 1 h MLT. That is, I is the R2 current flowing through the 1 h MLT sector. Below, we distinguish J, which is referred to as the current intensity, and I (or I ), which are referred to as the total current.
[20] We divided our database of dayside R2 FAC crossings into two groups according to location with respect to noon. Tables 1 and 2 summarize the FAC sheet crossings in the 06-12 and 12-18 MLT sectors, respectively. We will refer to these sectors as prenoon and afternoon sectors. The fifth column of the tables shows ƒ 0 , the geomagnetic latitude of the center of current. As it can be seen, all the crossings occurred in the Northern Hemisphere.
[21] Figure 5 shows the large-scale FAC intensities, the IMF components, and the indices of geomagnetic activity. Grey triangles in Figure 5a correspond to the values of R2 current intensity in the prenoon sector and black circles corresponds to those in the afternoon sector. The labels at every symbol show the MLT of the crossing. It is seen that the polarity of R2 FAC during the storm time mostly correspond to average pattern found by Iijima and Potemra [1976] , upward FAC in the prenoon and downward FAC in the afternoon. It means that if the PRC closes through the most equatorial part of the large-scale FAC system, it inflows in the afternoon sector. The peak intensity of the afternoon downward R2 FAC (-1.03 A/m) was recorded at 0429 UT at the end of the main phase. The second peak was observed at 0908 UT, and it coincided with the second Sym-H minimum. Both peak intensities in the afternoon sector were observed at 17 MLT. This may mean that afternoon R2 FAC intensity decreases from 17 MLT toward the noon. The first peak of upward R2 FAC intensity in the prenoon sector was observed at 0623 UT, 1 h later than first Sym-H minimum. On the other hand, the second peak value of R2 FAC intensity in the prenoon sector was recorded close to the time of the second Sym-H minimum. The R2 FAC intensities in both MLT sectors showed a minimum during the 0700-0740 interval when Sym-H temporally recovered. The close relation of the downward R2 current intensity in the afternoon sector with the Sym-H implies that this current is a closure of the partial ring current.
Comparison of Downward R2 FAC and Dusk Equatorial Current
[22] In section 4, we found that the maximum downward R2 current in the Northern Hemisphere during two Sym-H minima was 0.97 and 0.83 mA per 1 h of MLT, respectively. However, to estimate the total downward R2 current on the dayside, we need to know how it varies with MLT. The peak values of the downward R2 current were observed at 17 MLT. Figure 6 shows the absolute value of I in the afternoon sector as a function of MLT. We only plot the data corresponding to the periods of Sym-H dip marked in Figure 1a by red bars and Roman numbers II and IV. These periods include also the early main phase and the Sym-H recoveries when PRC is expected to be moderate. For that reason, one should focus on the top envelop of the data (dashed line) which shows a linear decrease from the dusk terminator to the midnoon. Assuming that the current linearly decreases from the peak values at 18 MLT (I max Comparing the values of the R2 FAC and equatorial current, we consider three different scenarios of the duskside equatorial current closure: (1) through the ionosphere via R2 FAC, (2) through the dayside magnetopause, and (3) around the Earth (symmetric ring current). If we knew the value of the total duskside equatorial current (I dusk ), the difference I dusk -I R2 would give us an idea of what fraction of the duskside current closes through the magnetopause and around the Earth. Neglecting the symmetric ring current, we get an upper estimate of the current through the dayside magnetopause. However, only estimates of the duskside equatorial current intensity at one or two points are available. In section 3, we found that the equatorial current intensity in the vicinity of geosynchronous orbit on the duskside was J dusk 1.6-1.7 and J dusk 0.8-1.0 mA per 1 R E of radial distance for the first and second Sym-H minima, respectively. For the second Sym-H minimum, the comparable values of the equatorial current intensity at the two THEMIS probes separated by 1.3 R E (section 3, Figures 2c and 2d ) allow an estimate of the current flowing between these two probes as J dusk 1.3 R E 1.0-1.3 mA. However, it is only onefourth of the downward R2 current. If one assumes that the z-integrated equatorial current is constant over some range of radial distance, the ratio I R2 /J dusk shows that the size of the region of the equatorial current which is diverted to the ionosphere must be 3.4-6 R E in radial extent to feed the observed downward R2 current. That is, nearly all of the duskside current must deviate to the ionosphere.
[24] The plot of the equatorial distribution of the current density in the model of Tsyganenko and Sitnov [2007] shows that the increased current density on the duskside during the Figure 6 . The absolute value of the R2 FAC current in the afternoon sector (circles) versus MLT for the periods II and IV (marked by red bar in Figure 1a) . The dashed line depicts the position of the top envelope. The labels at the symbols show universal time.
main phase occupies at least 5 R E in radial direction but peaks at R 5-6 R E and decreases with distance fast. On the other hand, the application of the same model to the moderate Corotating Interaction Region (CIR) driven storm [Sitnov et al., 2010] showed that current density on the duskside can be increased over a larger region and show a more gradual decrease with distance just after the Sym-H minimum. However, only the inner part of the model current closes through the FAC whereas the remaining part closes through the dayside magnetopause.
[25] Our estimations rely on a number of assumptions. First, the estimations of the R2 FAC intensity were done using observations from DMSP in the Northern Hemisphere. In order to estimate the total R2 current flowing into both hemispheres, we multiply the obtained estimates by two, assuming the interhemispheric symmetry. However, many studies found seasonal dependance of the FAC due to higher ionospheric conductivity in the sunlit hemisphere [Fujii et al., 1981 [Fujii et al., , 1987 Christiansen et al., 2002; Haraguchi et al., 2004; Ohtani et al., 2005; Wang et al., 2005; He et al., 2012] . It is commonly accepted that R1 intensities in the summer hemisphere is 1.5-3 times higher in comparison to the winter hemisphere. However, this conductivity influence is weaker for the R2 current [Fujii and Iijima, 1987; Christiansen et al., 2002; Haraguchi et al., 2004; Ohtani et al., 2005] . Moreover, the dipole tilt angle attained its minimum ( 10 ı ) at 0500 UT, the time of the first Sym-H minimum. Thus, the conductivity influence was minimal during this period. If we accept that the R2 FAC is 1.5 times weaker in the Southern Hemisphere (lowest value of the ratio for R1 FAC), we get the total downward FAC density during two Sym-H minima 4.1 mA and 4.8 mA, respectively.
[26] Second, temporal and spatial coverage of the DMSP passes on the dayside does not allow us to reconstruct the evolution of the R2 FAC MLT profile. On the basis of the DMSP observations during two periods of Sym-H dip (6 h in total, Figure 6 ), we assumed that R2 current intensity decreases linearly from the dusk terminator to the midnoon. However, there were no observations available in the 12-14 MLT sector (see Figure 3) . We can also estimate total downward R2 current summing the maximum values of |I | for every hour of MLT where data are presented. In this case, we get the downward R2 FAC in one hemisphere 2.8 mA, and 5.6 mA for two hemispheres. We do not consider the configurations when R2 FAC intensity has a second maximum at midnoon.
[27] Third, the estimations of the duskside equatorial current are based on the assumption that the spacecraft is outside (above or below) or on the very edge of the current sheet. This assumption was validated by comparison of the z-integrated current estimated at the dusk and midnight which were found to be equal even though the midnight spacecraft was further from the neutral sheet than the dusk one. Moreover, our estimations are in agreement with the result of the statistical study by Le et al. [2004] who found current intensity of 150 A/m at 19.5 MLT for the range -80 nT>Dst > -100 nT (150 A/m 1 mA/R E ). For the same range of Dst , the authors found that total partial ring current integrated over the region 4 R E < R < 8 R E ; -2 R E < Z < 2 R E is 2.6 mA. This value is two times smaller than our estimate of the downward R2 FAC.
Discussion
[28] We have studied the magnetic effect of the duskside equatorial current in the equatorial magnetosphere and above the ionosphere during the main phase of the moderate storm on 22 July 2009. The magnetic field observations in the equatorial magnetosphere revealed the existence of the sheet of westward current in 18-20 MLT sector at R 5.4-6.6 R E . This current intensifies simultaneously with Sym-H decrease. Unlike conventional PRC, this current occupies the region of the highly stretched magnetic configuration (the magnetic field inclination with respect to the XY SM plane was only 24 ı at R = 5.4 R E ). At the same time, three DMSP satellites regularly crossed the dayside large-scale FAC system in the Northern Hemisphere. We used these data to reconstruct the evolution of the R2 current during the storm. It was found that the direction of the R2 FAC shows the standard pattern [Iijima and Potemra, 1976] with downward (upward) current on the duskside (dawnside; the sector 12-14 MLT was not covered). This finding implies that PRC closes through the afternoon part of the dayside ionosphere. The peak intensities of the downward R2 current were recorded within 1 h from the Sym-H minima at 16-18 MLT. This finding is in agreement with results of Liemohn et al. [2001] which show that the PRC makes the main contribution to the Dst and Sym-H indices during the main phase. The locations of the recorded peak currents were close to the dusk terminator, and this is in agreement with the average location of the divergency of the equatorial current during disturbed conditions [Iijima et al., 1990; Le et al., 2004] .
[29] Recent advanced empirical modeling [Tsyganenko and Sitnov, 2007; Sitnov et al., 2008 Sitnov et al., , 2010 has shown that a prominent part of the duskside current can close through the dayside magnetopause. In section 5, we compared the equatorial duskside current intensity at [18] [19] [20] MLT with the total downward R2 current in the 12-18 MLT sector. The peak values of the total downward R2 current on the dayside were found to be within 5-5.8 mA. At the same time, the intensity of the equatorial current at R 5.4-6.6 R E was found to be 0.8-1.7 mA per 1 R E of the radial distance. If one assumes that the entire dayside R2 current closes through the equatorial region at 20 h MLT (where the estimations of the total equatorial current were made), the ratio of these values gives 3.4-6 R E for the minimal PRC radial extent necessary to feed the observed R2 current. Saying "PRC radial extent," we mean the radial size of the region of the equatorial current diverted to the ionosphere. However, this estimate should not be understood literally. Various configurations are possible (e.g., outer parts of the equatorial current divert to the ionosphere, whereas the current in the vicinity of the neutral sheet continues to flow in the equatorial plane). This estimate just means that a significant fraction, perhaps most, of the duskside current was diverted to the ionosphere during the main phase of this storm. In such a configuration, it is questionable what current could close through the dayside magnetopause in this particular event. It should be noted that the equatorial current closure via dayside magnetopause is not equivalent to the convection outflow and the related mechanism of the ring current ions loss [Takahashi et al., 1990; Liemohn et al., 1999] , which could persist independently of the current closure.
Summary
[30] Using the observations in the inner magnetosphere and at low altitudes, we studied behavior of the duskside equatorial current and R2 field-aligned current system during the two-dip storm on 22 July 2009. The following features have been found:
[31] 1. The equatorial current in 18-20 MLT sector at R = 5.4-6.6 R E occupied the region of the highly stretched magnetic configuration.
[32] 2. The direction of the R2 field-aligned current on the dayside was the same as it was found for moderately disturbed conditions by Iijima and Potemra [1976] : the downward current in the noon-evening sector, upward current in the morning-noon sector, and the peak intensities of the downward current were recorded at 16.5-18 MLT.
[33] 3. Both duskside equatorial current and downward R2 field-aligned current intensified with Sym-H decrease.
[34] 4. The comparison of the total downward R2 current to the z-integrated equatorial current on the duskside shows that a prominent part, probably most or even all, of the duskside current closes through the ionosphere during the main phase of the storm.
[35] The presented analysis is a case study and the results can not be generalized. However, this work shows how the current continuity can be used to study the current system configuration. This work also elicits the problems which should be solved in the future statistical studies. One of these problems is the limited information about the FAC distribution on the dayside. The Active Magnetosphere and Planetary Electrodynamics Response Experiment system (AMPERE, http://ampere.jhuapl.edu), which started to operate recently, provides the map of the strong FAC in both hemispheres at high temporal resolution. The more detailed statistical study of the current balance in the inner magnetosphere is needed.
